Abstract. Highly variable productivity among Vaccinium macrocarpon (Ait.) Pursh 'McFarlin' bogs in Washington has been noted by growers. The fruiting habits of 12 Washington 'McFarlin' bogs, ranging from 5.7-28.4 t/ha productivity were characterized. Uprights from each bog were characterized using RAPD markers, and then used in a greenhouse pollination experiment to determine if variation in fruiting and fertility phenotypes could be associated with RAPD profiles. Fifteen RAPD profiles were identified, and genetic heterogeneity was high among the 12 bogs. An association between RAPD profiles and reproduction characteristics was observed. The most frequent (30%) RAPD profile appeared to represent the 'true' 'McFarlin', since it was abundant in higher-yielding bogs and its profile was identical to 'McFarlin' samples from other growing regions. A unique RAPD profile was also identified which exhibited high yield characteristics, but did not appear to be related to 'McFarlin'. The Washington 'McFarlin' bogs examined are composed of a diverse array of genotypes with variable fruiting phenotypes, indicating the variability in production has a genetic component.
stolons. Once established, cultivar plantings are generally cultivated for long periods of time (the oldest bogs in this study were over 70 years). Because of the longevity of commercial plantings, the opportunity exists for seedlings from fallen fruit and native clones to become established, thereby generating genotypic heterogeneity. Stolons harvested from such a genetically diverse population for new bog establishment or renovations would perpetuate genotypic heterogeneity. Furthermore, depending on how successfully different genotypes establish at new locations, the frequencies of various genotypes could further change with the possibility of a less frequent genotype becoming predominant in a new environment. It may also be hypothesized that genotypes having reduced fertility and reproductive load would be more vegetatively competitive, and be preferentially selected during commercial stolon harvesting. Lower yields might be expected in bogs established with stolons having a preponderance of these vegetatively competitive clones.
The purpose of this study was to determine if the observed variation for productivity in Washington 'McFarlin' bogs could be genetic in origin. In other words, is 'McFarlin' represented by several genotypes varying in productivity rather than being represented by a single genotype (as expected in a clonally propagated cultivar)? The fruiting habits of 12 Washington 'McFarlin' bogs, ranging from 5.7 to 28.4 t/ha in productivity were characterized to determine what components of yield might contribute to the observed variability in bog productivity. Uprights were sampled from each bog for RAPD genotyping. In addition, these uprights were pollinated and a number of reproductive characteristics were evaluated for each RAPD-profiled upright to assess the relationship between genotype and traits that can impact productivity. 'McFarlin' bogs. In 1993 and 1994, 12 Washington 'McFarlin' bogs (Table 1) ranging from low to high productivity, based on historical observations, were sampled for yield (g·dm -2 ), berry number/dm 2 , seeds/berry (1993 only), mean berry weight (g/berry), berry set (percent flowers set), flowers/upright, and berries/upright. For each bog, six samples were taken. Yield and berry number estimates were determined by placing an 18.8-cm-diameter ring (3.2 dm 2 ) on the vines, harvesting all berries within the ring. The fruit sample was weighed and berries counted. Mean berry weight was obtained by dividing yield by berry number. Seed set was determined by counting the seed from five berries from each of the six samples from each bog (30 seed counts). Fruit set, flowers/upright, and berries/upright were determined by sampling 25 uprights from areas immediately adjacent to each of the six yield locations of each bog. The number of flowers and berries were scored for each upright (in cranberry the pedicels of flowers that do not set fruit remain attached). Mean berry set was determined from the total number of berries divided by the total number of flowers on each of the 25 uprights.
Materials and Methods

Characterization of fruiting habits of
ANOVA was performed using SAS, (SAS Inst., Cary, N.C.). Since no preconceived contrasts were employed, mean separation was based on Student-Newman-Keuls test (P ≤ 0.05).
Plant material for RAPD analysis and greenhouse fruiting study. In late winter of 1993, 25 uprights (vertical shoots with and without flower buds) were collected from each of the 12 Washington bogs (Table 1) . Five uprights were selected from each of five areas within each bog. Uprights were sent to the Blueberry and Cranberry Research and Extension Center, Chatsworth, N.J. Up- rights were rooted in 15.2-cm pots with a 50 sand/50 peat (v/v) soil mixture, and maintained in a greenhouse. To induce fruit formation, flowers on uprights were self-pollinated at anthesis using a glass slide as described by Sarracino and Vorsa (1991) .
Plant material used in RAPD analyses. In a primary RAPD analysis, four fruiting uprights from each bog were selected at random, except when extremes in berry morphology were observed within samples from the same bog. In such instances these divergent types were included in the study. Of the 48 samples, 45 had DNA that could be successfully amplified by the polymerase chain reaction. Using an informative subset of three primers from the primary analysis, an additional 22 uprights were analyzed with RAPD markers and assigned profiles corresponding to those observed in the primary RAPD analysis.
Included in the primary RAPD analysis were six 'McFarlin' representatives and an 'Early Black' clone previously analyzed with RAPD markers (Table 2) by Novy and Vorsa (1995) . The 'Early Black' clone was included because it had a RAPD profile identical to those of two 'McFarlin' clones from the northwestern United States (Novy and Vorsa, 1995) . This 'Early Black' clone has subsequently been shown not to be the purported cultivar (unpublished data). An additional 12 'McFarlin' samples from Wisconsin and Massachusetts (Table 2) were included to aid in the identification of a consensus RAPD profile. The 10 Massachusetts 'McFarlin' samples were obtained and phenotypically typed by F. yields, based on sampling, were generally consistent with historical observations. High production bogs ranged from 10.8 to 41.0 g·dm -2 , whereas low production bogs ranged from 3.3 to 9.5 g·dm -2 . Low production bogs exhibited reduced berry number and berry weight. Berry set and berries/upright were also reduced, with the exception of Bog 9. In 1993, high production Bog 6 exhibited relatively low productivity (10.8 g·dm -2 ) as a result of frost damage prior to bloom. The following year, the productivity of Bog 6 (29.6 g·dm -2 ) was consistent with the high productivity classification. Bog 8, classified as a high production bog based on grower observation, is more consistent as a moderate production bog based on observed yield and fruiting characteristics (Table 3) .
Except for Bog 9, the low production bogs are characterized by lower yields, low berry number, smaller fruit, and reduced fruit set, seed number, and berries/upright. Although Bog 9 is classified as a low production bog, it appears to be distinct from the other three low production bogs based on significantly greater fruit weight, seed number, fruit set, and fruit/upright (Table 3) .
The high production bogs are characterized by relatively high yields, berry number, fruit weight (>1 g), fruit set over 50%, over 3 flowers/upright, and about two fruit/upright (Table 3) .
RAPD analyses. Variable band profiles were obtained with the first primer, OPA-11, indicating that more than one genotype was present in the 45 'McFarlin' uprights. Seven additional primers were used in the study to assess the genetic relationships among the uprights. 85 scorable DNA fragments were identified, of which 45 (53%) were polymorphic among the 'McFarlin' clones. The genetic distance values (tallies of band differences between clones) calculated from these 45 RAPD markers ranged from 0-30, with a mean distance of 17 and a median distance of 12. The dendrogram generated from the genetic distance values (Fig. 1) shows the 45 uprights to be represented by 15 RAPD profiles. The RAPD profiles can be separated into eight groups, when profiles having less than the median value of 12 are assigned to a group (Fig. 1) . Groups E, F, G, and H are represented by a single RAPD profile. Profile 10 was identical to that of cultivar 'Howes' in a previous study (Novy and Vorsa, 1995) .
Caruso and I. Demoranville of the Massachusetts Cranberry Research Center, East Wareham, Mass., and therefore do not represent a random sampling from their source bogs.
DNA extraction. DNA was extracted from leaf tissue that had been frozen in liquid nitrogen and stored at -75C using the minipreparation procedure described by Stewart and Via (1993) with modifications as described by Novy and Vorsa (1995) .
DNA amplification and scoring, and analysis of RAPD markers. DNA amplification, electrophoresis, silver staining, band scoring, and analysis were as described in Novy et al. (1994) . The primary RAPD analysis was conducted with 8 decamer primers-OPA-9, 11, 12, 14, and 17 (Operon Technologies, Alameda, Calif.) and U.B.C. 402, 471, and 472 (Univ. of British Columbia Biotechnology Laboratory, Vancouver, Canada). These primers were a subset of those used previously by Novy et al. (1994) and had been shown to provide informative and reproducible RAPD markers among DNA extractions and amplifications. The secondary study used primers OPA-9, OPA-11, and OPA-12. To avoid bias during band scoring, clones were randomized prior to their placement in the thermocycler, and random ordering was maintained in gel loading.
Greenhouse fruiting study. Of the 67 Washington 'McFarlin' uprights that were profiled using RAPD markers in the primary and secondary RAPD analyses, 58 flowered. They were evaluated for fruit set (berries/flowers pollinated), mean fruit weight, mean seed set, and pollen viability. Pollen viability was determined by evaluating the aceto-carmine staining of 200 pollen grains from each upright as described by Ortiz et al. (1992) . Pollen grains that were fully stained without shriveling were classified as viable.
ANOVA, multivariate analysis of variance (MANOVA), and correlation analysis were performed using PC-SAS 6.1, (SAS Inst.) Since no preconceived contrasts were employed, mean separation was based on Student-Newman-Keuls test (P ≤ 0.05).
Results and Discussion
Characterization of yield and fruiting habits of 'McFarlin' bogs. All seven yield and fruiting characteristics varied significantly among the bogs sampled in both years (Table 3) . Estimated 5, they were unique to these three bogs (Table 4) . Being members of the same group (A), they would appear to be related (Fig. 1) . RAPD profile 6 was found for all samples from bog 9, another low producing bog.
RAPD profile 15 predominated in four of the six high-production bogs (bogs 3, 4, 6, and 7), but was not found in any of the samples (21 uprights) from the four low production bogs (yields <10 t/ha). The abundance of RAPD profile 15 in high production bogs suggests it may represent the true 'McFarlin'.
Other RAPD profiles, however, were also found in high production bogs. Two high-production bogs (bog 8 and 12) did not have profile 15 represented. Although initially classified as a high production bog, the yield of bog 8 in 1993 was more similar to that of moderate-producing bogs (Table 3) . Bog 8 and bog 11, having a high frequency of profile 10 (Table 4) , would be better classified as 'Howes' bogs.
Although productive, bog 12 did not have RAPD profile 15 represented (Table 4 ). To ascertain whether profile 15 would be found in a larger sample, 19 additional uprights from bog 12 were analyzed with primers OPA-11 and OPA-12. 10 of 19 uprights had RAPD profiles identical to RAPD profile 9, and appears to be the most abundant (44%) profile within bog 12. 'McFarlin' profile 15 was lacking. Therefore, profile 9 possibly represents another high yielding-genotype, apparently unrelated to RAPD profile 15.
RAPD profiles of additional samples of 'McFarlin' from Washington, Oregon, Wisconsin, Massachusetts, and New Jersey (Table  2) , when analyzed with the Washington samples, yielded the same dendrogram as seen in Fig. 1 . No new RAPD profiles were identified among the additional 19 'McFarlin' samples, suggesting the genotypes in Washington bogs were of Eastern origin.
Washington #1, 'Early Black', and Oregon 'McFarlin' were represented by RAPD profile 5, a profile associated with low production. Noteworthy was the finding that Oregon 'McFarlin' (obtained from the U.S. Dept. Agr. Natl. Clonal Germplasm Repository) also had this RAPD profile. This clonal accession was originally collected from a bog in North Bend, Ore., indicating that this putative lower-yielding 'McFarlin' genotype is not limited to Washington bogs. The identification of an 'Early Black' clone with an identical RAPD profile to this class of 'McFarlin' clones demonstrates the confusion regarding genotype and cultivar classification in cranberry. Washington #2, an additional 'McFarlin' clone from bog 4, was represented by RAPD profile 14. This profile had been previously identified in 2 of 4 samples from that bog. New Jersey 'McFarlin' was identified as the cultivar 'Howes' (Novy and Vorsa, 1995) , and was considered the only incident of a 'Howes' being misclassified as a 'McFarlin'. However, this 'Howes' clone had a RAPD profile (10) identical to eight other Washington 'McFarlin' uprights in the primary RAPD analysis (Fig. 1) .
Based on abundance in higher-yielding bogs and presence across bogs in the study, RAPD profile 15 is hypothesized to be the original or true 'McFarlin'. With the exception of Bain-2, the 'McFarlin' samples from Massachusetts and Wisconsin also exhibited RAPD profile 15.
Greenhouse experiment. The 58 uprights were assigned to one of the eight groups (Fig. 1) . Since groups A, B, C, D, and H were represented by more than one upright, an estimate of within group variance was possible. Group means for all four measured variables varied significantly (Table 5 ). Of the 10 pairwise group contrasts possible among these five groups, only the C vs. H contrast did not differ significantly for any variable. However, all four measured variables were significantly correlated to at least one other variable within the group (Table 6) . MANOVA provided
The combined results of both the primary and secondary RAPD analyses (Table 4) indicate a high degree of genetic heterogeneity within the bogs. Nine of the twelve bogs had more than one RAPD profile represented. As expected in an asexually propagated crop, numerous uprights were found to have identical RAPD profiles, indicating they are identical or closely related genotypes. RAPD profiles 3, 6, 7, 8, 9, and 11 were unique to the Long Beach samples, while profiles 2, 4, 12, 13, and 14 were specific to the Grayland samples. RAPD profiles 1, 5, 10, and 15 were common to both growing regions.
RAPD profiles 1, 2, 4, and 5 were associated with the low production bogs 1, 2, and 5 (Table 4) . With the exception of profile profiles found among Eastern (Massachusetts, Wisconsin, New Jersey) and Washington variants, and the lack of native V. macrocarpon in the Pacific Northwest suggests that 'McFarlin' propagules brought west were genotypically heterogeneous. The variants may have already constituted a major portion of the Eastern bogs, and were then propagated in Washington bogs. Alternatively, these variants may have comprised a small proportion of initial propagations but eventually outcompeted or were better adapted than the 'McFarlin' genotype in the Washington environment. Partitioning fewer resources to sexual reproduction, less fertile genotypes would allow for greater partitioning to vegetative reproduction. Another RAPD profile (6) originating from a low production bog exhibited fruit characteristics similar to 'McFarlin', having larger fruit size, higher seed number, and fruit set. The low productivity would appear to be the result of other genetic, e.g., reduced vigor or environmental factors. Interestingly, another genotype, RAPD profile 9, assigned to the same RAPD group may be a high yielding genotype.
The presence of the cultivar 'Howes' in 'McFarlin' bogs provides evidence for varietal misclassification as yet another source of genetic variation. Records indicate that while 'McFarlin' four uncorrelated derived characteristic vectors (Z1, Z2, Z3, and Z4), which are linear derivatives of the four measured variables. The first three vectors were significantly variable (not given), accounting for 65.8%, 23.8%, and 7.5% of the variation, respectively. Z1, Z2, and Z3 characteristic group means varied significantly (Table 5 ). All five groups differed significantly from one another for at least one vector, indicating at least five distinct phenotypes. Except for Group C vs. Group H contrast, which is differentiated by the Z3 characteristic, the remaining contrasts can be seen in Fig. 2 . Of the 14 Group D uprights, 13 having RAPD profile 10 grouped at Z1 0.8, while the one upright having RAPD profile 11 was located at Z ≤ 1.1 (Fig. 2) . Group A representatives, originating largely from the three low production bogs, exhibited significantly reduced fruit weight, seed number, fruit set, and pollen stainability (Table 5) , indicating this genotype is less fertile. Group B representatives also originated from two of these bogs (bogs 1 and 5), and except for pollen stainability exhibited reduced female fertility. Group C RAPD profiles originated from bogs of considerable variability in production. Group C RAPD profile 6 representatives all came from bog 9, a low production bog, while RAPD profile 9 appears to predominate in the high production bog 12. However, all Group C uprights appear to have characteristics associated with high production, similar to group H (RAPD profile 15) with significantly greater fruit weight, fruit set, and pollen stainability than group A (Fig. 2 and Table 5 ). Group D composed largely of 'Howes' RAPD profile 10 had relatively good female fertility, but reduced pollen stainability (Table 5) . Groups E, F, and G (RAPD profiles 12, 13, and 14) were found only in Grayland bogs and appear similar in fertility to groups C and H (Fig. 2) . Group H (RAPD profile 15), identified as the true 'McFarlin', uprights exhibited relatively high female and pollen fertility.
Washington 'McFarlin' bogs are composed of a diverse array of genotypes with variable fruiting phenotypes. Identical RAPD was the primary cultivar used in establishing the first cranberry bogs in Grayland (and most likely Long Beach), smaller acreages were also planted with 'Howes' (O' Brien, 1936) . Apparently, over the fifty to sixty years since these bogs were established, at some point they were misclassified as 'McFarlin' bogs.
With the exception of four RAPD profiles, the remaining genotypes identified were common to only one of the growing areas, suggesting that the initial sources of propagules for the establishment of bogs were of different origin. In addition, the wide disparity in relatedness among the Grayland clones would suggest more than one source of propagules for this area.
Most bogs in this study were represented by more than one RAPD profile, suggesting that most bogs are genetically heterogeneous populations. Thus, if environmental changes occur, artificial or natural, changes in the genotypic composition may be expected over time.
A RAPD profile (15) was identified to represent the true 'McFarlin'. Besides having fruiting characteristics associated with greater yield potential, this RAPD profile also represented 'McFarlin' accessions from Wisconsin and Massachusetts. The larger fruit size and greater fruit set of this profile is consistent with observed bog characteristics.
Using the same eight primers of the primary RAPD analysis, RAPD profile 15 differed by only 11 bands from 'Stevens', a hybrid progeny of 'McFarlin' (unpublished data) . An average of a 22-band difference was observed between profile 15 and the other 14 RAPD profiles in this study, suggesting that they are not selfed or hybrid progeny of 'McFarlin'.
Combining phenotypic observation and RAPD analysis has proven useful in the identification of true 'McFarlin', and another high-yielding unrelated genotype. This study has also shown the wide range of genetic variability that exists in Washington 'McFarlin' bogs, which apparently is not unique to the 'McFarlin' cultivar or Washington (Novy and Vorsa, 1995) . RAPD analysis, together with analysis of plant characteristics, can be useful in the identification of true cultivars and other high-yielding cranberry genotypes.
